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SUMMARY
Th is  pape r  repo r t s  on  d i f f e rences  i n  behav io r  t o  conspec i f i c s  among  i nd i v i dua l s
o f  t he  same and  o f  c l ose l y  re la ted  spec ies .  The  pu rpose  i s  t o  de te rn ' i ne  t h rough
wh ich  mo t ' i va t i ona l  nTechan i sms  se lec t i on  f o r  respons i veness  to  s t imu l  i  i n  t he
env i ronmen t  may  have  had ,  i nd i rec t l y ,  consequences  on  the  evo lu t i ona ry  deve lop -
men t  o f  a t t ack  and  d i sp lay  behav io r .
The  behav io r  o f  t h ree  spec ies  o f  c i ch l i d  f i sh ,  f l c rpLach r .om ls  e leaa r t s ,  I i ,
angust i f rons,  and i l .  squarLip innis ,  d1l  endemic to Lake George in Uganda,  was
s tud ied  i n tens i ve l y  i n  t he  l abo ra to ry .  The  f i r s t  and  ma jo r  pa r t  o f  t h i s  s tudy
i s  devo ted  to  un rave l i ng  t he  causa l  o rgan i za t i on  unde r l y i ng  t he  response  to  a
t e r r i t o r i a l  i n t r u d e r .  S p a t i a l l j , i s o l a t e d  t e r r i t o r i a l  m a l e s ,  p h y s i c a l l y  b u t  n o t
v i s u a l l y  i s o l a t e d  f r o m  c o n s p e c i f i c s ,  w e r e  p r e s e n t e d  w i t h  a n  e q u a l i y - s i z e d  c o n -
spec i f i c  i n t rude r ,  r es t ra ined  i n  a  g lass  t ube  s rna l l  enough  to  p reven t  i t  f r om
respond ing  behav io ra ' l 1 . v  t o the  ac t i ons  o f  t he  t es t  f i sh .  The  expe r imen t  hus
emp loys  a  cons tan t  ex te rna l  s t imu lus  s i t ua t . i on  i n  wh i ch  d i f f e rences  i n  t he
behav io ra l  r esponses  among  i nd i v i dua l  t es t  f j sh ,  as  we l l  as  changes  ove r  t ime
i n  t h e  b e h a v i o r  w i t h i n  i n d i v i d u a l s ,  c a n  b e  a t t r i b u t e d  t o  c h a n g e s  i n  t h e  i n t e r n a . l
con t ro l l i ng  f ac to rs  f o r  t he  behav io r .  Va r i ous  measu remen ts  o f  t he  behav io r  v re re
taken  f rom v ideo  f i . lms  o f  t he  expe r imen ts ,  and  l a te r  ana l yzed  us ing  un i va r i a te
a n d  m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i q u e s ,  i n  o r d e r  t o  d e d u c e  t h e  e x i s t e n c e  a n d
de f i ne  t he  i n f l uence  o f  ce r ta in  causa l  mechan i sms .
In  a  f i r s t  expe r imen t ,  p r i nc ipa l  componen ts  ana l ys i s  was  used  to  reduce  the
la rge  number  o f  behav io ra l  va r i ab les  t o  a  f ew  response  d imens ions  a long  v rh i ch
ind i v i dua . l s  ma in l y  va ry .  Fou r  componen ts  we re  ex t rac ted  tha t  exp la in  77 .4% o f
the  to ta l  va r i ance  o f  t he  o r i g i na l  va r . i ab les .  These  were  conc luded  to  re f l ec t
i nd i v i dua l  va r i  a t i on  i n  1 )  t he  reLa t ' i r e  a t t e r - i t ' t on  pa id  t o  t he  i n t rude r  ve rsus
o the r  s t imu l i ,  2 )  cn ,o t . danae  r spond ing  to  t he  i n t rude r ,3 )  respo t t s i l eness  t c  ' l ' t s -
tu-!b{1/ire of the suz,rout:dl.ngs, and 4) perstst;-,nce of responding to all selected
e x t e r n a l  s t i m u l i .  S c o r e s  f o r  e a c h  i n d i v i d u a l  o n  e a c h  o f  t h e s e  r e s p o n s e  d i m e n -
s i o n s  w e r e  c a l c u l a t e d  s o  t h a t  e a c h  f i s h  c o u l d  b e  c h a r a c t e r i z e d  r e l a t i v e  t o  t h e
o the rs  on  these  p rope r t i es  o f  t he  response .
Cor re la t i ons  o f  i nd i v i dua l  componen t  sco res  w i th  aspec ts  o f  t he  movemen ts
and  s te reo typed  behav io r  pa t te rns  pe r fo rmed  to  t he  i n t rude r  we re  ana l yzed .  They
ind i ca ted  tha t  two  o f  t he  co rnponen ts  a re  assoc ia ted  w i th  a  t endency  to  app roach
I J l  .
t he  i n t rude r ,  and  two  w i th  a  t endency  to  s tay  ou t  o f  i t s  v j c j n r ' t y .  The  ra t i o  o f
movements towards and away f ron the in t ruder  was found to be associated wj th
the  s t reng th  o f  t hese  two  tendenc ies .
I n  t he  same expe r i r nen t  an  a t t emp t  was  made  to  man ipu la te  one  o r  more  fac -
to rs  unde r l y i ng  t he  conponen ts  by  p resen t i ng  a  f r i gh ten ing  s t imu lus ,  a  b r i gh t
l i gh t .  The  l ' i gh t  was  p resen ted  ha l fway  th rough  the  obse rva t i on  pe r i od  wh i l e  t he
response  to  t he  i n t rude r  was  ongo ing .  The  behav jo l i n  t he  pe r i od  w i th  t he  l i gh t
on  was  compared  to  t he  behav io r  be fo re  i t  came  on ,  and  to  behav io r i n  a  s im i l a r
con t ro l  pe r i od  l a te r  i n  t ime  bu t  w i t hou t  t he  1 igh t .
l he  l i gh t  i nc reased  the  sco res  o f  i nd i v i dua l  f i sh  on  the  componen ts  f o r
rn:oi4crce and re'sponsiueness to dlstutbantce, and it removed the changes in the
sco res  on  pe rs rs tence  tha t  had  occu r red  ove r  t ime .  The  resu l t s  a l so  i nd i ca ted
that  there are mutual  in f luences between the components.  Scores in  the in i t ja l
per iod of  the test  for  responsiueness to d ls t tLt :bance were found to expla in a
subs tan t i a l  amoun t  o f  t he  va r i ance  i n  c roo ida r i ce  l a te r  i n  t ime  whe the r  t he  l i gh t
was on or not. Init ial scores on auoidarLce and responsi't;eness to tl istttv'bant:a. had
an  i nh ib i t o r y  e f f ec t  on  sco res  on  pe rs i s tence  \ t hen  the  l i gh t  was  on .
I t  was  conc luded  tha t  t he  l i gh t  po ten t i a tes  a  sys tem fo r  f ea r ,  encompass ing
the ctuoidance and responsiueness to dtsturbal?d€ components. This fear system
exe r t s  a  con t ro l  ove r  t he  pe rs i s tence  o f  r esponse  to  ex te rna l  s t imu l i .
A  second  expe r imen t  was  pe r fo rmed  to  examine  the  re la t i onsh ip  be tween
measu remen ts  o f  t he  response  to  t he  i n t rude r  and  the  response  to  ano the r  cons tan t
e x t e r n a . l  s t i m u l u s .  T h e  r e s p o n s e  t o  j u v e n i l e  f i s h ,  r e s i d i n g  i n  t h e  s a m e  a q u a r i u m
wi th  t he  tes t  f i sh ,  was  reco rded  be fo re  and  a f t e r i n t rude r  p resen ta t i on .  Res -
ponse  to  t he  expe r imen te r  en te r i ng  t he  room to  p lace  and  remove  the  i n t rude r
v ras  a l so  reco rded .  I n  t he  pos t - i n t rude r  pe r i od  t he  deg ree  to  wh i ch
dec remen ts  occu r red  i n  t he  respons i veness  to  j uven i l es  o r  t o  d i s tu rbance  was
found  to  be  pos i t i ve l y  re la ted  to  t he  a rnoun t  o f  r esponse  evoked  by  t he  i n t rude r .
I t  w a s  c o n c ' l u d e d  t h a t  a  s y s t e m  e x i s t s  w h i c h  c o n t r o l s  t h e  a t t e n t i o n a l  m e c h a n i s m s
f o r  r e s p o n d i n g  t o  t e r r i t o r i a l  i n t r u d e r s  b y  e x c l u d i n g  r e s p o n d i n g  t o  o t h e r  s t i m u l i .
An  a t t e rnp t  was  made  to  exp la in  t hese  phenomena  i n a  mode l  f o r  t he  a r range -
m e n t  o f  s t a t e  v a r i a b l e s  a n d  i n t e g r a t i v e  s y s t e m s  c o n t r o l l i n g  t h i s  b e h a v i o r .  I t
p ropOses  tha t  t he  response  to  t he  i n t rude r  a t  any  g i ven  mornen t  i s  con t ro l l ed  by
two  mechan i sms  i n teg ra t i ng  t he  ou tpu t  o f  t h ree  sys tems :  a  sys ten  fo r  respond inq
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to  s t imu l i  t ha t  d i s tu rb  aspec ts  o f  t he  su r round ings  (D ) ,  a  sys tem fo r  respond ing
to  t e r r i t o r i a ' l  i n t rude rs  (T I ) ,  and  a  sys tem fo r  f ea r  responses  (F ) .  The  fo rmer
two  sys tems  compe te  f o r  con t ro l  o f  se lec t i ve  a t t en t i on ,  and  each  con t ro l s  t he
app rop r i a te  mo to r  pa t te rns  f o r  respond ing  to  t he  se lec ted  s t imu lus  ( i n  t he  be -
hav ' i o ra l  f i na l  common  pa th ) .  Ano the r  i npu t  t o  t h i s  con t ro l  o r i g i na tes  f r om the
fea r  sys tem.  The  mode l  a l so  pos tu la tes  a  f ac to r  con t ro l i i ng  i n  gene ra l  t he  pe r -
s i s t e n c e  o f  t h e  r e s p o n s e  t o  a l l  s e l e c t e d  e x t e r n a l  s t i m u l i  b y  i n f l u e n c i n q  t h e
( lutput  f rom systems D en TI .
The  d i scuss ion  o f  Pa r t  I  dea l s  w i t h  t he  mechan ' i sms  th rough  wh ich  respons i -
veness  to  ex te rna l  s t j r nu l i  n i gh t  have  an  e f f ec t  on  the  fo rm o f  a t t ack  and  d i s -
p l a y  b e h a v i o r ,  a n d  w ' i t h  t h e  l i t e r a t u r e  o n  f e a r  b e h a v i o r  j n  a n i m a l s .
The  second  pa r t  o f  t h i s  s tudy  dea l s  w i t h  d i f f e rences  i n  unde r l y i ng  mo t i va -
t i ona l  f ac to rs  o f  t he  response  to  ex te rna l  s t imu l i  among  the  th ree  spec ies .
The  responses  were  s tud jed  o f  twe l ve  i nd i v ' i dua l s  o f  each  spec ies  t o  res t ra ined
te r r i t o r i a l  i n t rude rs  wh i l e  a t  t he  same t ime  the  expe r imen te r  was  s i t t i ng  i n
f ron t  o f  t he  t ank  i n  v i ew  o f  t he  f  i sh .  I t  was  found  tha t  r .  . ! i : . : L t i , i . i  i \ r o ' i s  i s  t he
spec ies  mos t  respons i ve  t o  d i s tu rbance  a f f o rded  by  t he  expe r imen te r .  Th i s  has
the  e f f ec t  o f  r educ ing  i t s  respons i veness  to  i n t rude rs .  E .  e leguns  i s  t he  mos t
respons i ve  t o  i n t rude rs  and  l eas t  so  t o  d i s tu rbance . .4 ' .  squcn 'n ip in : i s  has  the
h i g h e s t  l e v e l  o f  a  g e n e r a l  p e r s i s t e n c e  f a c t o r ,  r e s p o n d i n g  p e r s i s t e n t l y  t o  b o t h
d i s t u r b a n c e  o f  t h e  s u r r o u n d i n g s  a n d  t o  t e r r i t o r i a l  i n t r u d e r s .  T h e s e  d i f f e r e n c e s
a re  d i scussed  conce rn ing  the  env i ronmen ta l  f o r ces  tha t  m igh t  have  se lec ted  fo r
t h e s e  m o t i v a t i o n a l  s p e c i a l i z a t i o n s  i n  v i e w  o f  w h a t  i s  k n o w n  o f  t h e  n a t u r a l  h a b i -
t a t  o f  each  spec ies .
D i f f e r e n c e s  a m o n g  t h e  s p e c i e s  i n  t h e  d i s p l a y  a s s o c i a t e d  w i t h  s p a w n i n g  a c t i -
v i t i es  w i t h  f ema les  we re  found  to  co r respond  to  d i f f e rences in  t he  d i sp lay
f o l l o w i n g  a n  a p p r o a c h / w i t h d r a w a l  c o n f l i c t  t o  r e s t r a i n e d  n a l e  i n t r u d e r s .  T h e  d ' i -
v e r g e n c e  o f  c o u r t s h i p  d i s p l a y s  i n  r e l a t i o n  t o  s e l e c t i o n  f o r  r e s p o n s i v e n e s s  t o
e n v i r o n n e n t a l  s t i m u l i  i s  d i s c u s s e d .
